The ability of non-invasive brain stimulation to modulate motor cortical excitability holds great promise for the study and treatment of motor disorders such as hemiparesis.
h i g h l i g h t s
The ability of non-invasive brain stimulation to modulate motor cortical excitability holds great promise for the study and treatment of motor disorders such as hemiparesis.
Here we report for the first time a paired associative stimulation protocol that down-regulated the motor excitability of non-paretic proximal lower limb musculature during a cyclic locomotor task for individuals with unilateral stroke.
Of particular importance was the finding that motor excitability of paretic proximal lower limb musculature as up-regulated (as predicted) in 6 to 11 participants, yet, surprisingly was down-regulated in the remaining 5.
a b s t r a c t
Objective: Paired associative stimulation (PAS) modulates bilateral distal lower limb motor pathways during walking. We assessed the effects of inhibitory PAS applied to the vastus medialis (VM) motor pathways of chronic stroke patients. Methods: PAS consisted of 120 electrical stimuli applied to the femoral nerve paired with transcranial magnetic stimulation (TMS) of the lower limb primary motor cortex so that the estimated arrival of the afferent volley occurred 8 ms after delivery of the magnetic stimulus. Stimulus pairs were delivered to the non-paretic VM motor system of 11 chronic stroke patients and the right limb motor system of 11 non-impaired subjects at 0.19 Hz. The effects of PAS on VM motor pathway excitability and muscle activity were assessed during pedaling. TMS-induced motor evoked potential (MEP) amplitudes and the percent of VM activity in the flexion phase of active pedaling (%FLEXVM) was examined before and after PAS. Results: Inhibitory PAS reduced VM MEP amplitudes in the target limb (p < 0.05) of both groups, while post-PAS paretic VM MEP amplitudes increased for some patients and decreased for others. Group mean paretic limb %FLEXVM was not altered by inhibitory PAS. Conclusions: These results indicate PAS can be used to manipulate motor cortical excitability in proximal lower limb representations, however the sign of induced modulation was unpredictable and cyclic muscle activity was not modified. Significance: The study has important implications for the development of therapies involving non-invasive brain stimulation to modify abnormal motor behavior following stroke. Ó 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Several non-invasive brain stimulation protocols are being considered as potential tools for modulating cortical excitability and motor behavior. These protocols utilize repetitive transcranial magnetic stimulation (rTMS) (Chen et al., 1997; Pascual-Leone, 2006; Fitzgerald et al., 2006) , transcranial direct current stimulation (tDCS) (Hummel et al., 2005; Hummel and Cohen, 2005; Fregni et al., 2005; Reis et al., 2009) , and paired associative stimulation (PAS) which is a combination of peripheral nerve electrical stimulation and transcranial magnetic stimulation (TMS) (Stefan et al., 2002; Wolters et al., 2003; Stinear and Hornby, 2005) . The effects of these protocols have most often been assessed in the upper limb
